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ABSTRACT Leuconostoc carnosum is a lactic acid bacterium that preferentially colo-
nizes meat. In this work, we present the draft genome sequences of 12 Leuconostoc
carnosum strains isolated from modified-atmosphere-packaged cooked ham and
fresh sausages. Three strains harbor bacteriocin genes.
Leuconostoc carnosum is a heterofermentative, catalase-negative lactic acid bacte-rium (LAB) comprising the major component of the microbiota in modified-
atmosphere-packaged (MAP) cooked ham at the end of the shelf life, where it reaches
a concentration of 107 to 108 CFU/g (1). After a few weeks of shelf life, a high dose of
alive L. carnosum may be ingested when consuming MAP cooked ham (1). L. carnosum
easily colonizes several other meat-based food matrices, as suggested by the species
name (2–6). It has been associated with ham spoilage (7, 8), but some strains have been
proposed as bioprotective starters (4, 9) due to their production of bacteriocins against
Listeria monocytogenes (5, 6). When we started this project, a sole completed genome
sequence was available in GenBank (L. carnosum JB16, accession number SAMN02603179),
obtained from a strain isolated from kimchi (10). Twelve L. carnosum genomes have
been sequenced to characterize this species, belonging to 9 strains isolated from MAP
cooked ham and 3 from fresh sausages, according to Raimondi et al. (1, 2) (Table 1).
For whole-genome sequencing, each strain was cultivated in brain heart infusion
broth (Becton, Dickinson, USA) at 30°C for 48 h under microaerophilic conditions.
Biomass was collected by centrifugation for 5 min at 5,000  g. The genomic DNA was
extracted with a QIAamp DNA minikit (Qiagen GmbH, Germany). The concentration was
determined with a Qubit fluorometer (Invitrogen, USA). The DNA samples were sub-
mitted to the Singapore Centre for Environmental Life Sciences Engineering (SCELSE),
where they were tagged with Illumina TruSeq high-throughput (HT) DNA dual barcodes
for library preparation and sequenced on an Illumina HiSeq 2500 instrument (USA). For
each sample, 250-bp paired-end reads were obtained. The raw and postprocessed
reads were checked for quality with FastQC v0.11.7 (11). Cutadapt v1.16 was used to
trim Illumina adapters, and reads with a quality score lower than 20 (– overlap  15,
–minimum-length  30, – quality-cutoff  20) were removed (12). The trimmed reads
were assembled with SPAdes v3.12 (– careful – cov-cutoff auto -k auto) (13), and the
quality of the assemblies was evaluated using QUAST v5.0.2 (14). Trimming, quality
checking, and assembly were performed on the Galaxy platform (https://usegalaxy.eu/)
(15). The completeness of the assemblies was determined with CheckM v1.0.8 (16). The
taxonomy was confirmed with KmerFinder on the CGE server (https://cge.cbs.dtu.dk/
services/KmerFinder/) (17). The assembled genomes were ordered with Mauve v2.4.0
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(18), using the sequence of L. carnosum JB16 as a reference. The draft genomes were
annotated on the RAST server (19) and with Prokka v1.13 (20). BAGEL4 (21) was used
to identify bacteriocin genes. The sequence data were deposited in GenBank under the
BioProject accession number PRJNA542256. Table 1 shows the GenBank accession
number, number of raw reads, assembly statistics, and features of the genomes. The
average GC content (  the standard deviation) was 37.14%  0.07%. An average of
1,790 coding sequences (CDS) per genome were annotated, with genome sizes ranging
between 1,650,966 and 1,853,239 bp and an average completeness of 99.43%. Accord-
ing to in silico analysis, 3 out of 12 strains were identified as potential bacteriocin
producers.
Data availability. The sequence data were deposited in GenBank under BioProject
accession number PRJNA542256. Table 1 lists, for each sample, the GenBank accession
number and the number of raw reads.
ACKNOWLEDGMENTS
This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.
We acknowledge the Singapore Centre for Environmental Life Sciences Engineering
(SCELSE) for sequencing the samples. We thank Kelyn L. G. Seow and Yalei Xu for the
support in wet lab work.
REFERENCES
1. Raimondi S, Luciani R, Sirangelo TM, Amaretti A, Leonardi A, Ulrici A,
Foca G, D’Auria G, Moya A, Zuliani V, Seibert TM, Søltoft-Jensen J, Rossi
M. 2019. Microbiota of sliced cooked ham packaged in modified atmo-
sphere throughout the shelf life: microbiota of sliced cooked ham in
MAP. Int J Food Microbiol 289:200 –208. https://doi.org/10.1016/j
.ijfoodmicro.2018.09.017.
2. Raimondi S, Nappi MR, Sirangelo TM, Leonardi A, Amaretti A, Ulrici A,
Magnani R, Montanari C, Tabanelli G, Gardini F, Rossi M. 2018. Bacterial
community of industrial raw sausage packaged in modified atmosphere
throughout the shelf life. Int J Food Microbiol 280:78 – 86. https://doi
.org/10.1016/j.ijfoodmicro.2018.04.041.
3. Geeraerts W, Pothakos V, De Vuyst L, Leroy F. 2018. Variability within the
dominant microbiota of sliced cooked poultry products at expiration
date in the Belgian retail. Food Microbiol 73:209 –215. https://doi.org/
10.1016/j.fm.2018.01.019.
4. Budde BB, Hornbaek T, Jacobsen T, Barkholt V, Koch AG. 2003. Leucono-
stoc carnosum 4010 has the potential for use as a protective culture for
vacuum-packed meats: culture isolation, bacteriocin identification, and
meat application experiments. Int J Food Microbiol 83:171–184. https://
doi.org/10.1016/S0168-1605(02)00364-1.
5. van Laack RLJM, Schillinger U, Holzapfel WH. 1992. Characterization and
partial purification of a bacteriocin produced by Leuconostoc carnosum
LA44A. Int J Food Microbiol 16:183–195. https://doi.org/10.1016/0168
-1605(92)90079-i.
6. Parente E, Moles M, Ricciardi A. 1996. Leucocin F10, a bacteriocin from
Leuconostoc carnosum. Int J Food Microbiol 33:231–243. https://doi.org/
10.1016/0168-1605(96)01159-2.
7. Björkroth KJ, Vandamme P, Korkeala HJ. 1998. Identification and char-
acterization of Leuconostoc carnosum, associated with production and
spoilage of vacuum-packaged, sliced, cooked ham. Appl Environ Micro-
biol 64:3313–3319.
8. Samelis J, Björkroth J, Kakouri A, Rementzis J. 2006. Leuconostoc carno-
sum associated with spoilage of refrigerated whole cooked hams in
Greece. J Food Prot 69:2268 –2273. https://doi.org/10.4315/0362-028x
-69.9.2268.
9. Jacobsen T, Budde BB, Koch AG. 2003. Application of Leuconostoc car-
nosum for biopreservation of cooked meat products. J Appl Microbiol
95:242–249. https://doi.org/10.1046/j.1365-2672.2003.01970.x.
10. Jung JY, Lee SH, Jeon CO. 2012. Complete genome sequence of Leu-
conostoc carnosum strain JB16, isolated from kimchi. J Bacteriol 194:
6672– 6673. https://doi.org/10.1128/JB.01805-12.
11. Andrews S. 2010. FastQC: a quality control tool for high throughput
sequence data. http://www.bioinformatics.babraham.ac.uk/projects/
fastqc.
12. Martin M. 2011. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet J 17:10 –12. https://doi.org/10
.14806/ej.17.1.200.
13. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.
14. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.
15. Afgan E, Baker D, Batut B, van den Beek M, Bouvier D, Cech M, Chilton
J, Clements D, Coraor N, Grüning BA, Guerler A, Hillman-Jackson J,
Hiltemann S, Jalili V, Rasche H, Soranzo N, Goecks J, Taylor J, Nekrutenko
A, Blankenberg D. 2018. The Galaxy platform for accessible, reproducible
and collaborative biomedical analyses: 2018 update. Nucleic Acids Res
46:W537–W544. https://doi.org/10.1093/nar/gky379.
16. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.
CheckM: assessing the quality of microbial genomes recovered from
isolates, single cells, and metagenomes. Genome Res 25:1043–1055.
https://doi.org/10.1101/gr.186072.114.
17. Hasman H, Saputra D, Sicheritz-Ponten T, Lund O, Svendsen CA, Frimodt-
Møller N, Aarestrup FM. 2014. Rapid whole-genome sequencing for
detection and characterization of microorganisms directly from clinical
samples. J Clin Microbiol 52:139 –146. https://doi.org/10.1128/JCM
.02452-13.
18. Darling AC, Mau B, Blattner FR, Perna NT. 2004. Mauve: multiple align-
ment of conserved genomic sequence with rearrangements. Genome
Res 14:1394 –1403. https://doi.org/10.1101/gr.2289704.
19. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.
20. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.
21. van Heel AJ, de Jong A, Song C, Viel JH, Kok J, Kuipers OP. 2018. BAGEL4:
a user-friendly Web server to thoroughly mine RiPPs and bacteriocins.
Nucleic Acids Res 46:W278 –W281. https://doi.org/10.1093/nar/gky383.
Microbiology Resource Announcement
Volume 9 Issue 2 e01247-19 mra.asm.org 3
 on January 13, 2020 at U
N
IV
E
R
S
IT
A
 S
T
U
D
I D
I M
O
D
E
N
A
http://m
ra.asm
.org/
D
ow
nloaded from
 
